The production of D-lactic acid, a major fermentation product of Scenedesmus obliquus strain D3, is inhibited by light.
Effects of light on the respiration of autotrophic green cells have repeatedly been described. Hoch, Owens, and Kok (5) have shown that especially with red light the so-called Kok effect is due to an inhibition of respiration which is saturated at low light intensities. On the other hand, a light-stimulated oxygen uptake also has been repeatedly reported (3, 10, 12, 14) .
The mechanism of the inhibitory and the stimulatory effect of light on respiration is not well understood. It will be shown in this paper that in the green alga Scenedesmus obliquus, light influences considerably the rate of glycolysis as measured by the production of D-lactic acid. D-Lactic acid is a major fermentation product of chlorococcal algae (17, 20) . Possibly some of the effects of light on respiration are secondary ones and reflect changes in the rate of glycolysis. Hitherto only indirect evidence has been reported to suggest that light influences carbohydrate breakdown (8, 11, 16) .
MATERIALS AND METHODS
Scenedesinus obliquus strain D3 and the two mutants 8 and 11, kindly supplied by Dr. N. I. Bishop (1, 2) , were grown in the medium of Kessler et al. (9) . For the experiments the cells were suspended in 30 mm sodium phosphate buffer, pH 6.5. When pH changes were followed, 10 mm buffer was used.
To Tables II and III show that the same inhibition has been obtained with this mutant. In addition the change in pH was followed in this experiment, and it was observed that light also strongly inhibits the acidification which takes place under anaerobic conditions. Both the pH shift in the dark and the much smaller shift in the light are, however, not caused by D-lactic acid only, since in the dark 5.9 ,umoles of lactic acid would have had to be produced instead of 1.75 and in the light 1.4 ,umoles instead of 0.3 to account for the total change in pH (Tables II and III) . This agrees with the observation that several acids are produced during algal fermentation (17) . Since 20 to 30% of the total acid produced is D-lactic acid, its formation can be used as a good indicator for the degree of fermentation.
Stimulation of D-Lactic acid production in Scenedesmus Mutant 8 . If the inhibitory effect is indeed caused by the lightdriven formation of ATP, it would be expected that a mutant unable to photophosphorylate should not show the inhibitory effect. Experiments, therefore, were carried out with Scenedesmus mutant 8 (2), which lacks photosystem I and should not be capable of photophosphorylation. Table IV shows that in this mutant D-lactic acid production is inhibited in the dark only in the presence of 02 but not in the light in the presence of N2.
In contrast, there is a strong stimulation of D-lactic acid formation by light. Table IV also gives the amount of glucose taken up during the incubation. Glucose uptake also is slightly increased by light, which is surprising, since this organism is thought to lack the property of photophosphorylation. Light stimulation of energy-requiring processes has also been observed previously with this mutant (15, 19) and has thus far not been explained. It is shown here, however, that light increases 841 HIRT, TANNER, AND KANDLER Incubation time was 4 hr. Light intensity was 1750 lux of white light. Other conditions were as in Table I . Figure 1 shows that blue light as well as red light stimulates the formation of D-lactic acid, with blue light generally somewhat more effective.
In the case of the wild type and of mutant 11, the total production of acids was inhibited by light to the same extent as the formation of D-lactic acid. To see whether light also generally stimulates the production of acids in mutant 8, the change in pH and in D-lactic acid formation was followed si- (Table V) . This also agrees with the data of Table IV , which shows that the amount of glucose taken up cannot be explained solely by the amount of D-lactate produced.
DISCUSSION
The stimulatory effect observed with Scenedesmus mutant 8 is difficult to correlate with the light-stimulated anaerobic acidification or increased respiration reported to occur in algae (3, (10) (11) (12) 14) , since these effects are observed only with blue and not with red light. Photorespiration, on the other hand, is brought about, at least in some plants, by blue and red light (7) . It is thought, however, to be closely related to glycolate oxidation, and no indication whatsoever exists that glycolate formation is correlated with an increased glycolytic rate. Thus, further experiments are necessary to clarify whether any connections exist between these various effects.
The results reported here indicate that an inhibitory effect of light on glycolysis is observed under photophosphorylating conditions. It might well be brought about by a mechanism similar to that of the Pasteur effect (13) . It seems possible, on the other hand, that the inhibitory action of light is balanced to some degree by mechanisms promoting the rate of 1-lactic acid formation. The stimulatory mechanism is clearly observable when the photophosphorylating activity of a cell is blocked as in the case of mutant 8.
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